Effect of Norharmane in vitro on Juvenile Hormone Epoxide Hydrolase Activity in the Lower Termite, Reticulitermes speratus by Itakura, Shuji et al.
(IIHFWRIQRUKDUPDQH in vitro RQMXYHQLOHKRUPRQH
HSR[LGHK\GURODVHDFWLYLW\LQWKHORZHUWHUPLWH
Reticulitermes speratus
6KXML,WDNXUDD6DWRVKL.DZDEDWD+LURPL7DQDNDDQG$NLR(QRNL
'HSDUWPHQWRI$SSOLHG%LRORJLFDO&KHPLVWU\.LQNL8QLYHUVLW\1DND0DFKL1DUD-DSDQ
$EVWUDFW
7KHDURPDWLFơFDUEROLQHQRUKDUPDQHZDVGHWHUPLQHGLQZRUNHUVQ\PSKVDQGHUJDWRLGVRI
Reticulitermes speratus .ROEH,VRSWHUD5KLQRWHUPLWLGDHE\JDVFKURPDWRJUDSK\PDVV
VSHFWURPHWU\1RUKDUPDQHOHYHOVLQZRUNHUVQ\PSKVDQGHUJDWRLGVFROOHFWHGLQ0D\aQJWHUPLWH
ZHUHKLJKHUWKDQWKRVHLQ1RYHPEHUaQJWHUPLWH)OXRUHVFHQFHRIQRUKDUPDQHZDVREVHUYHGLQ
KLVWRORJLFDOVHFWLRQVLQZKROHDQLPDOVDQGLQWKHIDWERG\1RUKDUPDQHDWDILQDOFRQFHQWUDWLRQRI
P0VWLPXODWHGMXYHQLOHKRUPRQHHSR[LGHK\GURODVH-+(+DFWLYLW\RIHQ]\PHH[WUDFWIURPHUJDWRLGV
EXWLQKLELWHG-+(+DFWLYLW\DWKLJKHUFRQFHQWUDWLRQV7KHHOHYDWHG-+(+DFWLYLW\VWLPXODWHGE\
QRUKDUPDQHVKRXOGDFFHOHUDWHMXYHQLOHKRUPRQHPHWDEROLVPLQ R. speratus
.H\ZRUGV FDVWHGLIIHUHQWLDWLRQHUJDWRLGVMXYHQLOHKRUPRQHPHWDEROLVP Coptotermes formosanus
$EEUHYLDWLRQV -+(+MXYHQLOHKRUPRQHHSR[LGHK\GURODVH-+(MXYHQLOHKRUPRQHHVWHUDVH27)3
RFW\OWKLRWULIOXRURSURSDQRQH*&06JDVFKURPDWRJUDSK\PDVVVSHFWURPHWU\
&RUUHVSRQGHQFH DLWDNXUD#QDUDNLQGDLDFMS
5HFHLYHG $SULO_ $FFHSWHG -XQH_ 3XEOLVKHG )HEUXDU\
&RS\ULJKW 7KLVLVDQRSHQDFFHVVSDSHU:HXVHWKH&UHDWLYH&RPPRQV$WWULEXWLRQOLFHQVHWKDWSHUPLWVXQUHVWULFWHGXVH
SURYLGHGWKDWWKHSDSHULVSURSHUO\DWWULEXWHG
,661 _9ROXPH1XPEHU
&LWHWKLVSDSHUDV
,WDNXUD6.DZDEDWD67DQDND+(QRNL$(IIHFWRIQRUKDUPDQH in vitro RQMXYHQLOHKRUPRQHHSR[LGH
K\GURODVHDFWLYLW\LQWKHORZHUWHUPLWH Reticulitermes speratusSS Journal of Insect Science DYDLODEOH
RQOLQHLQVHFWVFLHQFHRUJ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ,QWURGXFWLRQ
7HUPLWH FDVWH GLIIHUHQWLDWLRQ LV D SRVWHPEU\RQLF
GHYHORSPHQWDO SURFHVV $V LQ RWKHU VSHFLHV LQ WKH
JHQXV Reticulitermes +DUH  %XFKOL 
WKH VHSDUDWLRQ RI WZR GHYHORSPHQWDO OLQHV DIWHU
WZR ODUYDO LQVWDUV / DQG / KDV EHHQ REVHUYHG
LQ Reticulitermes speratus .ROEH ,VRSWHUD
5KLQRWHUPLWLGDH 7DNHPDWVX  2QH
SDWKZD\ LV WKH OLQH RI WKH ZRUNHU FDVWH ZKLFK
FRPSULVHV ILYH LQVWDUV :±: DQG WKH RWKHU
SDWKZD\ LV WKH OLQH RI WKH Q\PSKV ZKLFK
FRPSULVHV VL[ LQVWDUV 1±1 DQG LV
GLVWLQJXLVKHG IURP RWKHU FDVWHV E\ WKH SRVVHVVLRQ
RI ZLQJ EXGV 7KH ODVW LQVWDU Q\PSKV 1 FDQ
PROW LQWR DODWHV DQG D SDLU RI PDOH DQG IHPDOH
DODWHV HVWDEOLVKHV D QHZ QHVW DV SULPDU\
UHSURGXFWLYHV ,Q GXH FRXUVH WKH SULPDU\
UHSURGXFWLYHV DUH DFFRPSDQLHG E\ RU UHSODFHG E\
PXOWLSOH QHRWHQLF UHSURGXFWLYHV 7KRUQH HW DO
 ,Q R. speratus WZR W\SHV RI QHRWHQLFV
HPHUJH IURP HDFK OLQH RI WKH ZRUNHUV DQG
Q\PSKV HUJDWRLGV GLIIHUHQWLDWH IURP ZRUNHUV
LQVWDU XQLGHQWLILHG DQG Q\PSKRLGV GLIIHUHQWLDWH
IURP 1 WR 1 Q\PSKV .DZDPXUD 
(UJDWRLGV DUH GLVWLQJXLVKHG IURP ZRUNHUV E\ D
QDUURZHU DEGRPHQ 0L\DWD HW DO  IURP
VHQHVFHQW Q\PSKV 1±1 E\ D ODFN RI ZLQJ
EXGV DQG IURP ODVW LQVWDU Q\PSKV 1 WKDW KDYH
GLVWLQFWO\ ODUJHU ZLQJ EXGV WKDQ WKRVH RI 1
7DNHPDWVX
&DVWH GLIIHUHQWLDWLRQ LQ WHUPLWHV LV VWURQJO\
LQIOXHQFHG E\ FKDQJHV LQ MXYHQLOH KRUPRQH WLWHU
/VFKHU  +LJK WLWHUV RI MXYHQLOH KRUPRQH
OHDG WR GLIIHUHQWLDWLRQ RI LPPDWXUHV WR WKH VROGLHU
FDVWH ZKLOH ORZ WLWHUV UHVXOW LQ WKH GHYHORSPHQW RI
QHRWHQLFV <LQ DQG *LOORW  ,Q Reticulitermes
flavipes H[SRVXUH RI ZRUNHU WHUPLWHV WR H[WHUQDOO\
DSSOLHG MXYHQLOH KRUPRQH ,,, LQGXFHV
GLIIHUHQWLDWLRQRISUHVROGLHUV6FKDUIHWDO
-XYHQLOH KRUPRQH ,,, LV PHWK\O
EERHSR[\WULPHWK\O
GRGHFDGLHQRDWH 7KH SULPDU\ URXWHV RI
MXYHQLOH KRUPRQH PHWDEROLVP LQ LQVHFWV DUH HVWHU
K\GURO\VLV WR MXYHQLOH KRUPRQH DFLG DQG HSR[LGH
K\GUDWLRQ WR MXYHQLOH KRUPRQH GLRO ,Q WKH
SUHVHQFH RI ERWK MXYHQLOH KRUPRQH HVWHUDVH -+(
DQG MXYHQLOH KRUPRQH HSR[LGH K\GURODVH -+(+
WKH SULPDU\ PHWDEROLWH MXYHQLOH KRUPRQH DFLG RU
MXYHQLOH KRUPRQH GLRO LV PHWDEROL]HG WR MXYHQLOH
KRUPRQHGLRODFLG6KDUHDQG5RH
1RUKDUPDQH ZKLFK LV ORFDWHG LQ WKH KHPRO\PSK
6LGHUKXUVW HW DO D KDV DQWLPLFURELDO
DFWLYLW\ DJDLQVW WKH HQWRPRSDWKRJHQLF IXQJXV
Metarhizium anisopliae 6LGHUKXUVW HW DO E
1RUKDUPDQH DOVR LV D IOXRUHVFHQW FKURPRSKRUH
DQG KDV DXWRSKRWRWR[LF DFWLYLW\ LQ R. flavipes R.
tibialis DQG R. virginicus 6LGHUKXUVW HW DO F

0LFURVRPDO HSR[LGH K\GURODVH DFWLYLW\ LV
VWLPXODWHG E\ QRUKDUPDQH %XOOHLG DQG &UDIW
 $V VWDWHG DERYH RQH RI WKH SULPDU\ URXWHV
RI MXYHQLOH KRUPRQH PHWDEROLVP LV HSR[LGH
K\GUDWLRQ E\ -+(+ /HSLGRSWHUDQ -+(+ LV
H[SUHVVHG LQ WKH IDW ERG\ DQG WKH JXW *LOEHUW HW
DO  3URGXFHG LQ WKH FRUSRUD DOODWD MXYHQLOH
KRUPRQH LV WUDQVSRUWHG WR WDUJHW FHOOV YLD LQVHFW
KHPRO\PSK *LOEHUW HW DO  7KHVH
UHODWLRQVKLSV EHWZHHQ QRUKDUPDQH -+(+ DQG
MXYHQLOH KRUPRQH UDLVH DQ XQWHVWHG K\SRWKHVLV
WKDW QRUKDUPDQH LQ WKH KHPRO\PSK FRXOG
VWLPXODWH -+(+ DFWLYLW\ LQ Reticulitermes
WHUPLWHV DQG WKDW DQ HOHYDWHG -+(+ DFWLYLW\
FRXOG FDXVH D GHFUHDVH LQ MXYHQLOH KRUPRQH WLWHU
ZKLFK PD\ DIIHFW FDVWH GLIIHUHQWLDWLRQ 7KLV VLPSOH
H[SODQDWLRQ LV VXSSRUWHG E\ WKH GHYHORSPHQW RI
DODWHV LQ UHVSRQVH WR GHFUHDVLQJ DPRXQWV RI
MXYHQLOH KRUPRQH +HQGHUVRQ  ,W DOVR
DSSHDUV WR EH VXSSRUWHG E\ HYLGHQFH WKDW Q\PSKDO
IRUPDWLRQ RFFXUV ZKHQ MXYHQLOH KRUPRQH OHYHOV
DUH ORZ LQ Coptotermes formosanus ,VRSWHUD
5KLQRWHUPLWLGDH +HQGHUVRQ  ,Q WKLV
VSHFLHV Q\PSKV 1±1 FDQ EH IRUPHG IURP DQ\
RI WKH ZRUNHU VWDJHV :±: DQG VXEVHTXHQWO\
JLYH ULVH WR DODWHV RU EUDFK\SWHURLG QHRWHQLFV
5DLQD HW DO  ,Q WKLV VWXG\ ZH KDYH
DWWHPSWHG WR REWDLQ HYLGHQFH WKDW QRUKDUPDQH LV
LQYROYHG LQ MXYHQLOH KRUPRQH PHWDEROLVP LQ R.
speratus 7KLV KDV EHHQ GRQH E\ ORFDOL]DWLRQ DQG
TXDQWLWDWLYH DQDO\VLV RI QRUKDUPDQH LQ R.
speratus DQG E\ DVVHVVLQJ WKH HIIHFW RI
QRUKDUPDQHRQWKHDFWLYLW\RI-+(+DQG-+(
0DWHULDOVDQG0HWKRGV
,QVHFWV
R. speratus LQGLYLGXDOV ZHUH FROOHFWHG IURP D ZLOG
FRORQ\ ORFDWHG LQ DQ LQIHVWHG ZRRG LQ WKH
:DND\DPD 3UHIHFWXUH -DSDQ LQ $SULO  DQG
 DQG ZHUH PDLQWDLQHG LQ WKH ODERUDWRU\ DW
& ZLWK WKHLU QHVW PDWHULDOV DQG ZLWK EORFNV RI
Pinus densiflora 6LHEROG DQG =XFF 3LQDOV
3LQDFHDH DV WKH IRRG VRXUFH 1RQUHSURGXFWLYHV
Q\PSKV ZLWK ZLQJ EXGV RQ WKH WKRUD[ DSWHURXV
ZRUNHUV QHRWHQLF UHSURGXFWLYHV DQG Q\PSKRLGV
GLIIHUHQWLDWHG IURP Q\PSKV DQG HUJDWRLGV IURP
ZRUNHUV DV GHVFULEHG E\ 0L\DWD HW DO  ZHUH
FROOHFWHG IURP WKH FRORQ\ PDLQWDLQHG LQ WKH
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Q\PSKV VROGLHUV ZRUNHUV HUJDWRLGV DQG
Q\PSKRLGV ZHUH DOVR FROOHFWHG IURP WKH FRORQ\
PDLQWDLQHG LQ WKH ODERUDWRU\ LQ -XQH DQG -XO\
 C. formosanus LQGLYLGXDOV ZRUNHUV DQG
Q\PSKV ZHUH FROOHFWHG IURP D QHVW WKDW KDG EHHQ
PDLQWDLQHG ZLWK EORFNV RI P. densiflora DW & LQ
RXUODERUDWRU\IRU\HDUV
&KHPLFDOV
1RUKDUPDQH )LJXUH  ZDV SXUFKDVHG IURP
6LJPD$OGULFK ZZZVLJPDDOGULFKFRP /DEHOHG
MXYHQLOH KRUPRQH ,,,  *%TPPRO +D W
& ZDV REWDLQHG IURP 3HUNLQ (OPHU /LIH
6FLHQFH ZZZSHUNLQHOPHUFRP 7KH
UDGLRFKHPLFDO SXULW\ ZDV ! 8QODEHOHG
MXYHQLOH KRUPRQH ,,, 6LJPD$OGULFK ZDV PL[HG
ZLWK WKH ODEHOHG MXYHQLOH KRUPRQH ,,, WR JLYH D
ILQDO VXEVWUDWH FRQFHQWUDWLRQ RI  P0 LQ
HWKDQRO KDYLQJ  FSPƫO
2FW\OWKLRWULIOXRURSURSDQRQH 27)3
ZDV V\QWKHVL]HG E\ WKH DGGLWLRQ RI HTXDO PRODU
TXDQWLWLHV RI nRFW\O PHUFDSWDQ WR
EURPRWULIOXRURSURSDQRQH :DNR 3XUH
&KHPLFDO ,QGXVWULHV ZZZZDNRFKHPFRMS LQ
FDUERQ WHWUDFKORULGH DV SUHYLRXVO\ GHVFULEHG
+DPPRFN HW DO  $IWHU YDFXXP GLVWLOODWLRQ
27)3 ZDV GLVVROYHG LQ HWKDQRO WR JLYH D ILQDO
FRQFHQWUDWLRQ RI  P0 7KH PDVV VSHFWUXP RI
27)3 m] 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ZDV FRQVLVWHQW ZLWK WKH UHVXOWV UHSRUWHG E\
+DPPRFNHWDO
)LJXUH1RUKDUPDQH+S\ULGR>E@LQGROH
([WUDFWLRQIRUFKHPLFDODQDO\VLV
2QH WKRXVDQG LQGLYLGXDOV a J RI R. speratus
FROOHFWHG LQ 0D\ FRQVLVWLQJ RI ZRUNHUV Q\PSKV
DQG HUJDWRLGV ZHUH JURXQG LQ D PRUWDU DQG
H[WUDFWHG LQ PHWKDQRO 2QH WKRXVDQG ZRUNHUV
a J DQG  HUJDWRLGV a J RI R. speratus
FROOHFWHG LQ 1RYHPEHU ZHUH VHSDUDWHO\
KRPRJHQL]HG DQG H[WUDFWHG LQ PHWKDQRO 7KH
PHWKDQRO H[WUDFW ZDV ILOWHUHG DQG WKH VROYHQW ZDV
UHPRYHG XQGHU GHFRPSUHVVLRQ WR JLYH D VWLFN\
\HOORZ UHVLGXH WKDW IOXRUHVFHG XQGHU 89 OLJKW 7KH
UHVLGXH ZDV VXEMHFWHG WR WKLQ OD\HU
FKURPDWRJUDSK\ DQG JDV FKURPDWRJUDSKLFPDVV
VSHFWURPHWULF *&06 DQDO\VHV 7KH 89 VRXUFH
IRU REVHUYDWLRQV RI WHUPLWH IOXRUHVFHQFH ZDV D
% 9 : ODPS 6DWR 6KRXML
ZZZXUHUX]RFRP HTXLSSHG ZLWK D 19)7%/%
EODFN OLJKW EXOE RXWSXW ± QP )RU C.
formosanus  ZRUNHUV a J DQG 
Q\PSKV a J ZHUH VHSDUDWHO\ JURXQG DQG
H[WUDFWHG LQ PHWKDQRO WKHQ VXEMHFWHG WR *&06
DQDO\VHV
3UHSDUDWLRQRIHQ]\PHH[WUDFW
7ZHOYH ZRUNHUV DQG HUJDWRLGV RI R. speratus
FROOHFWHG LQ 1RYHPEHU  DQG LQ -XQH DQG -XO\
 ZHUH KRPRJHQL]HG UHVSHFWLYHO\ LQ  PO RI
VRGLXP SKRVSKDWH EXIIHU S+   P0
FRQWDLQLQJ  SKHQ\OWKLRXUHD DQG 
VXFURVH 6KDUH DQG 5RH  $OO RSHUDWLRQV
ZHUHSHUIRUPHGDW±&
0LFURVFRSLFREVHUYDWLRQV
)OXRUHVFHQFH LQ LQGLYLGXDOV RI R. speratus DQG C.
formosanus ZDV REVHUYHG XVLQJ D 6=
VWHUHRVFRSLF ]RRP PLFURVFRSH 2O\PSXV 7RN\R
-DSDQ XQGHU 89 OLJKW 7KH LPDJHV ZHUH FDSWXUHG
XVLQJ D )LQH 3L[ = GLJLWDO FDPHUD )XMLILOP
ZZZIXMLILOPFRP )RU KLVWRORJLFDO REVHUYDWLRQV
LQGLYLGXDOV RI R. speratus ZHUH HPEHGGHG LQWR D
7LVVXH7HN 2&7  FRPSRXQG 6DNXUD
)LQHWHFKQLFDO ZZZVDNXUDILQHWHNFRP LQ D
UHIULJHUDQW RI KH[DQH DQG VROLG FDUERQ GLR[LGH
GU\ LFH 6HULDO VHFWLRQV ± ƫP ZHUH
SURFHVVHG XVLQJ D &0  FU\RVWDW /HLFD
0LFURV\VWHPV ZZZOHLFDPLFURV\VWHPVFRP DQG
VWDLQHG ZLWK KHPDWR[\OLQ DQG 6XGDQ ,,, $V
QRUKDUPDQH GLVVROYHV UHDGLO\ LQ RUJDQLF VROYHQWV
WKH 6XGDQ ,,, VWDLQ ZKLFK ZDV GLVVROYHG LQ 
HWKDQRO ZDV XVHG ZLWK FDXWLRQ 7R DYRLG
H[WUDFWLRQ RI QRUKDUPDQH IURP WLVVXHV RQ VOLGHV
WKH WLVVXHV ZHUH VWDLQHG ZLWK 6XGDQ ,,, IRU D IHZ
PLQXWHV IROORZHG E\ KHPDWR[\OLQ RU WKH WLVVXHV
ZHUH VWDLQHG ZLWK 6XGDQ ,,, IRU  PLQ DQG
ZDVKHG EULHIO\ ZLWK  HWKDQRO 7LVVXHV RQ
VOLGHV ZHUH REVHUYHG XVLQJ DQ (FOLSVH L
PLFURVFRSH 1LNRQ ZZZQLNRQFRP XQGHU ZKLWH
OLJKW SOXV H[WHUQDO 89 OLJKW IURP WKH 89 VRXUFH
7KH LPDJHV ZHUH FDSWXUHG XVLQJ D '60& &&'
FDPHUD ZLWK D '68 FRQWUROOHU DQG DQ $&78
SURJUDP1LNRQ
7KLQ OD\HU FKURPDWRJUDSKLF DQG *&06
DQDO\VHVRIQRUKDUPDQH
7KLQ OD\HU FKURPDWRJUDSK\ ZDV SHUIRUPHG RQ
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0HUFN
ZZZPHUFNFRP 7KLQ OD\HU SODWHV ZHUH
GHYHORSHG XVLQJ D 
QEXWDQROZDWHUIRUPLF DFLG VROYHQW V\VWHP
6WDFKHO HW DO  DQG YLVXDOL]HG HLWKHU E\
IOXRUHVFHQFH XQGHU 89 OLJKW RU E\ VSUD\LQJ ZLWK D
 VXOIXULF DFLG DQG  FRSSHU ,, VXOIDWH
VROXWLRQ IROORZHG E\ KHDWLQJ *&06 DQDO\VLV ZDV
SHUIRUPHG RQ D -(2/ ZZZMHROFRP -06.
PDVV GHWHFWRU LQWHUIDFHG ZLWK DQ $JLOHQW
7HFKQRORJ\ 1 1HWZRUN *& V\VWHP HTXLSSHG
ZLWK D 3KHQRPHQH[ =HEURQ =%PV FROXPQ 
P  PP LG  ƫP ILOP WKLFNQHVV 7KH
WHPSHUDWXUH SURJUDP ZDV UDPSHG IURP & WR
& DW &PLQ ZLWK D  PLQ VWDUW GHOD\ 2QH ƫO
RI WKH PHWKDQRO H[WUDFW RI WKH WHUPLWHV DQG 
SSP QRUKDUPDQH DV DQ H[WHUQDO VWDQGDUG ZHUH
LQMHFWHG XVLQJ DQ $JLOHQW ZZZDJLOHQWFRP 
DXWRPDWLF OLTXLG VDPSOHU 4XDQWLWDWLYH DQDO\VLV
ZDV SHUIRUPHG E\ TXDQWLWDWLYH VHOHFWHG LRQ
PRQLWRULQJ 6,0 DW P]  DQG D VLQJOH SRLQW
FDOLEUDWLRQ FXUYH PHWKRG XVLQJ WKH 4XDQW
3URJUDP LQ 06 035 VRIWZDUH -(2/ *DV
FKURPDWRJUDSKLFIODPH LRQL]DWLRQ GHWHFWRU
*&),' DQDO\VLV SHUIRUPHG RQ D 6KLPDG]X
*& JDV FKURPDWRJUDSK IDLOHG WR GHWHFW 
SSP QRUKDUPDQH WKRXJK  SSP QRUKDUPDQH
ZDV VXFFHVVIXOO\ GHWHFWHG 6HQVLWLYH *&06 ZDV
WKHUHIRUH DGRSWHG IRU TXDQWLWDWLYH DQDO\VLV
*&06 DQDO\VLV ZDV VHSDUDWHO\ FRQGXFWHG LQ 0D\
DQG 1RYHPEHU 4XDQWLWDWLYH DQDO\VLV RI DQ
H[WHUQDO VWDQGDUG RI  SSP QRUKDUPDQH LQ 0D\
DQG1RYHPEHUKDGDPDUJLQRIHUURURIa
$VVD\RI-+(+DQG-+(
7KH DFWLYLW\ RI -+(+ DQG -+( LQ H[WUDFWV IURP
ZRUNHUV DQG HUJDWRLGV RI R. speratus ZDV
GHWHUPLQHG E\ D SDUWLWLRQ DVVD\ IROORZLQJ MXYHQLOH
KRUPRQH DFLG MXYHQLOH KRUPRQH GLRO DQG
MXYHQLOH KRUPRQH GLRODFLG SURGXFWLRQ IURP
+ODEHOHG MXYHQLOH KRUPRQH ,,, VXEVWUDWH 6KDUH
DQG 5RH  (DFK HQ]\PH H[WUDFW  ƫO ZDV
SUHLQFXEDWHG ZLWK  ƫO RI HWKDQRO IRU WKH
GHWHUPLQDWLRQ RI WRWDO PHWDEROLVP RI -+(+ DQG
-+( RU  ƫO RI  P0 27)3 IRU -+(+ DFWLYLW\
IRU  PLQ DW & 5HDFWLRQV ZHUH LQLWLDWHG E\
WKH DGGLWLRQ RI  ƫOR I+ODEHOHG MXYHQLOH
KRUPRQH ,,, VXEVWUDWH  P0  FSP $IWHU
LQFXEDWLRQ IRU  PLQ DW & PHWKDQRO  ƫO
DQG LVRRFWDQH  ƫO ZHUH DGGHG WR WKH VDPSOHV
LQ WKH LFH EDWK (DFK VDPSOH ZDV YLJRURXVO\
YRUWH[HG IROORZHG E\ FHQWULIXJDWLRQ DW  g IRU
 PLQ $OLTXRWV RI  ƫO IURP WKH WRS DQG ERWWRP
SKDVHV ZHUH UHFRYHUHG DQG WKH UDGLRDFWLYLW\ RI
HDFK IUDFWLRQ ZDV DQDO\]HG XVLQJ D OLTXLG
VFLQWLOODWLRQ FRXQWHU /6& $ORND 7RN\R
ZZZDORNDFRMS 7KH YROXPHV RI LVRRFWDQH
WRS SKDVH DQG DTXHRXV PHWKDQRO ERWWRP
SKDVH ZHUH  ƫO DQG  ƫO UHVSHFWLYHO\ DQG
WKH SHUFHQWDJH MXYHQLOH KRUPRQH ,,, LQ WKH
DTXHRXV PHWKDQRO SKDVH ZDV  n    7KH
SHUFHQWDJH PHWDEROLVP ZDV FDOFXODWHG XVLQJ WKH
IROORZLQJIRUPXOD
&30WEDFNJURXQGFRUUHFWHGFSPIRUWKHWRSIUDFWLRQ
&30EEDFNJURXQGFRUUHFWHGFSPIRUWKHERWWRPIUDFWLRQ
-XYHQLOH KRUPRQH PHWDEROLVP ZDV FDOFXODWHG
IURP WKH SURGXFW RI WKH GHFLPDO SHUFHQWDJH
PHWDEROLVP WKH PROHV RI MXYHQLOH KRUPRQH ,,,
SHU DVVD\  QPRO DQG LQFXEDWLRQ WLPH 2QH
XQLW RI -+(+ DQG -+( DFWLYLW\ LV GHILQHG DV WKH
DPRXQW RI HQ]\PH WKDW PHWDEROL]HV  ƫPRO RI
MXYHQLOH KRUPRQH LQWR MXYHQLOH KRUPRQH GLRO
MXYHQLOH KRUPRQH DFLG DQG MXYHQLOH KRUPRQH
GLRODFLGSHUPLQXWH
7KLQ OD\HU FKURPDWRJUDSKLF DQDO\VLV RI
MXYHQLOHKRUPRQH,,,PHWDEROLWHV
-XYHQLOH KRUPRQH ,,, GLRO ZDV SURGXFHG E\
LQFXEDWLRQ RI MXYHQLOH KRUPRQH ,,, D ILQDO
FRQFHQWUDWLRQ RI  P0 LQ  0 VRGLXP
DFHWDWH EXIIHU S+  FRQWDLQLQJ  ƫJPO RI
GLtEXW\OPHWK\OSKHQRO DQG  HWKDQRO
LQ GDUNQHVV DW & IRU  K 0XPE\ DQG
+DPPRFN  -XYHQLOH KRUPRQH ,,, DFLG ZDV
SURGXFHG E\ LQFXEDWLQJ MXYHQLOH KRUPRQH ,,, LQ
PHWKDQRO  1 1D2+  YY LQ GDUNQHVV DW
& IRU  K /L HW DO  -XYHQLOH KRUPRQH
GLRO DQG MXYHQLOH KRUPRQH DFLG VWDQGDUGV ZHUH
VWRUHG DV HWKDQRO VROXWLRQV DW ï& XQWLO XVHG
(DFK HQ]\PH H[WUDFW  ƫO ZDV SUHLQFXEDWHG
IRU  PLQ DW & ZLWK  ƫO RI HWKDQRO IRU WKH
GHWHUPLQDWLRQ RI MXYHQLOH KRUPRQH ,,,
PHWDEROLWHV RU  ƫO RI  P0 RU  P0 27)3 IRU
WKH DVVHVVPHQW RI HIILFDF\ RI 27)3 WR LQKLELW -+(
DQG -+(+ DFWLYLWLHV 5HDFWLRQV DQG SDUWLWLRQV
XVLQJ PHWKDQRO DQG LVRRFWDQH ZHUH FRQGXFWHG DV
GHVFULEHG DERYH H[FHSW WKDW +ODEHOHG MXYHQLOH
KRUPRQH ,,,  P0  FSP ZDV UHSODFHG E\
+ODEHOHG MXYHQLOH KRUPRQH ,,,  P0
 FSP $IWHU FHQWULIXJDWLRQ D  ƫO
VDPSOH ZDV WDNHQ IURP WKH ERWWRP SKDVH DQG D
 ƫO VDPSOH  ƫO [  WLPHV ZDV GLUHFWO\ VSRWWHG
RQ WKH WKLQ OD\HU SODWH 6LOLFD *HO  0HUFN 7KH
SODWH ZDV GHYHORSHG LQ KH[DQH(W2$F$F2+
 7RXKDUD DQG 3UHVWZLFK  DQG
DQDO\]HG E\ UDGLRWKLQ OD\HU VFDQQLQJ XVLQJ DQ
,PDJH $QDO\]LQJ 6\VWHP )/$ )XMLILOP
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH)OXRUHVFHQFHLQ R. speratus:RUNHU$&RI Coptotermes formosanus DVDFRQWURODQGZRUNHU%'
Q\PSK()DQGHUJDWRLG*+RI Reticulitermes speratus XQGHUZKLWHOLJKW$%(*DQG89RXWSXW
±QPOLJKW&')+
DQG ,PDJLQJ SODWH %$675 )XMLILOP 1R
UDGLRDFWLYH VSRW ZDV GHWHFWHG E\ WKH LPDJH
DQDO\]LQJ V\VWHP WKRXJK WKH LPDJLQJ SODWH ZDV
H[SRVHG WR WKH WKLQ OD\HU SODWH IRU  K  K DQG
 K 7KH VLOLFD JHO ZLWK +ODEHOHG MXYHQLOH
KRUPRQH ,,, PHWDEROLWHV ZDV UHPRYHG IURP WKH
WKLQ OD\HU SODWH DW WKH Rf YDOXHV IRU MXYHQLOH
KRUPRQH ,,, GLRO Rf    DQG MXYHQLOH
KRUPRQH ,,, DFLG Rf    DQG WKH
UDGLRDFWLYLW\ RI HDFK VSRW ZDV DQDO\]HG E\ D OLTXLG
VFLQWLOODWLRQ FRXQWHU 7KH Rf YDOXHV ZHUH
GHWHUPLQHG RQ WKH VDPH WKLQ OD\HU SODWH RQWR
ZKLFK FROG MXYHQLOH KRUPRQH ,,, GLRO DQG MXYHQLOH
KRUPRQH ,,, DFLG VWDQGDUGV KDG DOVR EHHQ VSRWWHG
DQG GHYHORSHG 7KH\ ZHUH YLVXDOL]HG E\ D VXOIXULF
DFLG DQG FRSSHU ,, VXOIDWH VROXWLRQ DV PHQWLRQHG
DERYH
(IIHFW RI QRUKDUPDQH RQ MXYHQLOH KRUPRQH
,,,PHWDEROLVP
7KH GHWHUPLQDWLRQ RI WRWDO PHWDEROLVP DQG -+(+
DFWLYLW\ ZDV FDUULHG RXW DV GHVFULEHG DERYH H[FHSW
WKDW  ƫO RI    DQG  P0
QRUKDUPDQH LQ HWKDQRO RU  ƫO RI HWKDQRO
FRQWURO ZDV DGGHG WR HDFK HQ]\PH H[WUDFW
EHIRUH SUHLQFXEDWLRQ )LQDO FRQFHQWUDWLRQV RI 
  DQG  P0 QRUKDUPDQH ZHUH GHWHUPLQHG RQ
WKH EDVLV RI WKH IDFW WKDW  P0 QRUKDUPDQH
VWLPXODWHG PLFURVRPDO HSR[LGH K\GURODVH DFWLYLW\
%XOOHLGDQG&UDIW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH)OXRUHVFHQFHLQDEGRPLQDOFURVVVHFWLRQVRI%ZRUNHUDQG'HUJDWRLGRI Reticulitermes speratus
XQGHU89OLJKW$EGRPLQDOFURVVVHFWLRQVRI$ZRUNHUVWDLQHGZLWK6XGDQ,,,DQGKHPDWR[\OLQDQG&HUJDWRLG
VWDLQHGZLWK6XGDQ,,,XQGHUZKLWHOLJKW)DWDSSHDUHGRUDQJHE\6XGDQ,,,VWDLQ
)LJXUH7KLQOD\HUFKURPDWRJUDSKLFDQDO\VLVRI89FKURPRSKRUHIURP Reticulitermes speratus6SRWVRQWKLQ
OD\HUFKURPDWRJUDSKLFSODWHVZHUHYLVXDOL]HGE\$VSUD\LQJZLWKDVXOIXULFDFLGDQGFRSSHU,,VXOIDWH
VROXWLRQIROORZHGE\KHDWLQJDQG%IOXRUHVFHQFHXQGHU89OLJKW/DQHPHWKDQROH[WUDFWIURPZRUNHUVDQG
HUJDWRLGVRI R. speratus FROOHFWHGLQ0D\/DQHDXWKHQWLFQRUKDUPDQH1RWHRQO\RQHIOXRUHVFHQWVSRWRI  
LQPHWKDQROH[WUDFWIURP R. speratus
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH*&06DQDO\VLVRIPHWKDQROH[WUDFWIURPZRUNHUVDQGHUJDWRLGVRI Reticulitermes speratus$7RWDO
LRQFKURPDWRJUDSK%([WUDFWHGLRQFKURPDWRJUDSKmz &0DVVVSHFWUXPRIWKHDUURZHGSHDNUW 
PLQ
5HVXOWV
/RFDOL]DWLRQRIQRUKDUPDQH
2EVHUYDWLRQV RI ZRUNHUV Q\PSKV HUJDWRLGV DQG
Q\PSKRLGV RI R. speratus XVLQJ WKH VWHUHRVFRSLF
]RRP PLFURVFRSH VKRZHG EOXH IOXRUHVFHQFH XQGHU
89 OLJKW 7KH PRVW LQWHQVH IOXRUHVFHQFH ZDV
REVHUYHG LQ WKH DEGRPHQ RI Q\PSKV DQG
HUJDWRLGV DV ZHOO DV LQ WKH WKRUD[ DQG DEGRPHQ RI
ZRUNHUV )LJXUH  $SSUR[LPDWHO\ KDOI RI WKH
QRQUHSURGXFWLYHV ZKLFK FRQVLVW RI ZRUNHUV DQG
Q\PSKV RI R. speratus H[KLELWHG VWURQJ
IOXRUHVFHQFH VLPLODU WR WKDW RI WKH ZRUNHU VKRZQ
)LJXUH ' XQGHU 89 OLJKW ,Q FRQWUDVW OLWWOH
IOXRUHVFHQFH XQGHU 89 OLJKW ZDV REVHUYHG LQ
ZRUNHUV RI C. formosanus D PHPEHU RI WKH IDPLO\
5KLQRWHUPLWLGDH WR ZKLFK R. speratus DOVR
EHORQJV )LJXUH & +LVWRORJLFDO REVHUYDWLRQV
XQGHU ZKLWH DQG 89 OLJKW VKRZHG WKDW
IOXRUHVFHQFH ZDV REVHUYHG LQ IDW ERGLHV WKDW KDG
EHHQ VWDLQHG DQ RUDQJH FRORU ZLWK 6XGDQ ,,,
)LJXUH  )OXRUHVFHQFH ZDV QRW REVHUYHG LQ WKH
JXWDQGFXWLFOHRIZRUNHUVDQGHUJDWRLGV
7KLQ OD\HU FKURPDWRJUDSKLF DQG *&06
DQDO\VHVRIQRUKDUPDQH
7KLQ OD\HU FKURPDWRJUDSKLF DQDO\VHV RI WKH
PHWKDQRO H[WUDFW IURP D EOHQG RI ZRUNHUV
Q\PSKV DQG HUJDWRLGV RI R. speratus FROOHFWHG LQ
0D\ VKRZHG D VLQJOH EULJKW VSRW RI    WKDW
ZDV FRQVLVWHQW ZLWK WKH RI RI DXWKHQWLF
QRUKDUPDQH YLVXDOL]HG XQGHU 89 OLJKW )LJXUH 
$V VKRZQ LQ )LJXUH  *&06 RI WKH FRPSRXQG
IURP WKH PHWKDQRO H[WUDFW RI R. speratus DW UW  
 PLQ VKRZHG SHDNV DW mz  0 
    DQG   PDWFKLQJ V\QWKHWLF
QRUKDUPDQH UW    7KH *&06 TXDQWLWDWLYH
DQDO\VLV VKRZHG WKDW LQGLYLGXDOV RI R. speratus
FROOHFWHG LQ 0D\ FRQWDLQHG DSSUR[LPDWHO\  QJ
RI QRUKDUPDQH SHU WHUPLWH EXW WKH QRUKDUPDQH
OHYHO GHFUHDVHG WR DSSUR[LPDWHO\ D WZHQWLHWK RI
WKDW YDOXH LQ 1RYHPEHU 7DEOH  7KH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7DEOH1RUKDUPDQHOHYHOVLQ Reticulitermes speratus
1RUKDUPDQHD
QJWHUPLWH QJPJ &ROOHFWLRQSHULRG
:RUNHUVQ\PSKVDQGHUJDWRLGVE   0D\
(UJDWRLGV   1RYHPEHU
:RUNHUVDQGQ\PSKVF   1RYHPEHU
D $PRXQWVRIQRUKDUPDQHLQ R. speratus ZHUHGHWHUPLQHGE\VLQJOHUHSOLFDWHDQDO\VLVRIRUWHUPLWHVE\
*&06*&06DQDO\VLVZDVVHSDUDWHO\FRQGXFWHGLQ0D\DQG1RYHPEHU4XDQWLWDWLYHDQDO\VLVRIDQH[WHUQDO
VWDQGDUGRISSPQRUKDUPDQHLQ0D\DQG1RYHPEHUKDGDPDUJLQRIHUURURIa
E $EOHQGRIZRUNHUVQ\PSKVDQGHUJDWRLGV
F $EOHQGRIZRUNHUVDQGQ\PSKV
QRUKDUPDQH OHYHO RI R. speratus ZRUNHUV ZDV
VLPLODU WR WKDW RI HUJDWRLGV LQ 1RYHPEHU 7DEOH 
1R QRUKDUPDQH ZDV GHWHFWHG LQ ZRUNHUV RI C.
formosanus EXW D WUDFH RI QRUKDUPDQH ZDV
GHWHFWHG LQ Q\PSKV RI C. formosanus 
QJWHUPLWH
-+(+DQG-+(
$GGLWLRQ RI WKH VHOHFWLYH -+( LQKLELWRU 27)3 WR
WHUPLWH KRPRJHQDWHV HQDEOHG DVVD\ RI -+(+
7KLQ OD\HU DQDO\VLV RI +ODEHOHG MXYHQLOH
KRUPRQH PHWDEROLWHV XVLQJ D OLTXLG VFLQWLOODWLRQ
FRXQWHU VKRZHG WKDW PHWDEROLWHV RI MXYHQLOH
KRUPRQH ,,, E\ WHUPLWH KRPRJHQDWHV ZHUH
MXYHQLOH KRUPRQH ,,, GLRO DQG MXYHQLOH KRUPRQH
,,, DFLG GDWD QRW VKRZQ DQG WKDW D ILQDO
FRQFHQWUDWLRQ RI  P0 27)3 GHSUHVVHG -+(
DFWLYLW\ RI WHUPLWH KRPRJHQDWH WR a WKH
HIILFDF\ RI LQKLELWLRQ ZDV    Q    DQG
OHG WR GHSUHVVLRQ RI -+(+ DFWLYLW\ E\   
Q    7KXV -+(+ DFWLYLW\ DV GHWHUPLQHG E\
WKH SDUWLWLRQ DVVD\ XVHG LQ WKH SUHVHQW VWXG\
FRQWDLQHG PRGHVW -+( DFWLYLW\ 7KH SULPDU\
URXWHV RI MXYHQLOH KRUPRQH PHWDEROLVP LQ
KRPRJHQDWHV RI R. speratus DUH HSR[LGH
K\GUDWLRQ DQG HVWHU K\GURO\VLV 7KXV WKH
GLIIHUHQFH EHWZHHQ WRWDO PHWDEROLVP
HWKDQROWUHDWHG KRPRJHQDWH DQG HSR[LGH
K\GURODVH DFWLYLW\ 27)3WUHDWHG KRPRJHQDWH
UHSUHVHQWHG HVWHU K\GURO\VLV 7KH DFWLYLW\ RI
-+(+ ZDV JUHDWHU WKDQ -+( DFWLYLW\   
ƫ8WHUPLWH LQ WKH ZRUNHU KRPRJHQDWH DQG  
 ƫ8WHUPLWH LQ WKH HUJDWRLG KRPRJHQDWH
7DEOH  -+(+ DFWLYLW\ YDULHG DPRQJ FDVWHV RI
WHUPLWH -+(+ DFWLYLW\ RI QHRWHQLFV DV HUJDWRLGV
DQG Q\PSKRLGV ZDV JUHDWHU WKDQ WKDW RI RWKHU
FDVWHV DV ODUYDH Q\PSKV VROGLHUV DQG ZRUNHUV
7DEOH  $GPLQLVWUDWLRQ RI  P0 QRUKDUPDQH
VLJQLILFDQWO\ SURPRWHG -+(+ DFWLYLW\ LQ HUJDWRLG
KRPRJHQDWH 7DEOH  +RZHYHU LQKLELWLRQ RI
7DEOH-+HSR[LGHK\GURODVH-+(+DQG-+HVWHUDVH-+(DFWLYLW\RI Reticulitermes speratus 6(0
-+(+ -+(
&RQFHQWUDWLRQVRIQRUKDUPDQHP0 ƫ8WHUPLWHDE &ROOHFWLRQSHULRG
(UJDWRLGV
 D D 1RYHPEHU
 E E 1RYHPEHU
 D 1'F -XQH
 F 1' -XQH
/DUYDH
 D 1' -XQH
 E 1' -XQH
1\PSKRLGV
 D 1' -XQH
 E 1' -XQH
1\PSKV
 D 1' -XQH
 D 1' -XQH
6ROGLHUV
 D 1' -XQH
 D 1' -XQH
:RUNHUV
 D D 1RYHPEHU
 D D 1RYHPEHU
 D 1' -XQH
 D 1' -XQH
D 2QHXQLWRI-+(+DQG-+(DFWLYLW\LVGHILQHGDVWKHDPRXQWRIHQ]\PHWKDWPHWDEROL]HVƫPRORIMXYHQLOH
KRUPRQH-+LQWR-+GLRO-+DFLGDQG-+GLRODFLGSHUPLQXWH
E 0HDQVIROORZHGE\WKHVDPHOHWWHUZLWKLQHDFKFROXPQDUHQRWVLJQLILFDQWO\GLIIHUHQWIURPHDFKRWKHU3!
(DFKPHDVXUHPHQWZDVUHSOLFDWHGWKUHHWLPHV
FQRWGHWHUPLQHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH5HODWLRQVKLSEHWZHHQ-+(+RU-+(DFWLYLW\DQGFRQFHQWUDWLRQRIQRUKDUPDQHLQ$ZRUNHUVDQG%
HUJDWRLGVRI Reticulitermes speratus2SHQFLUFOH-+(DFWLYLW\&ORVHGFLUFOH-+(+DFWLYLW\(UURUEDUVUHSUHVHQW
FRQILGHQFHLQWHUYDOV(DFKPHDVXUHPHQWZDVUHSOLFDWHGWKUHHWLPHV
-+(+ DFWLYLW\ ZDV REVHUYHG DW KLJKHU
FRQFHQWUDWLRQV RI QRUKDUPDQH )LJXUH  7KH
GLIIHUHQFH LQ -+(+ DFWLYLW\ EHWZHHQ ZRUNHU
KRPRJHQDWHV WR ZKLFK  P0 RU  P0
QRUKDUPDQH ZDV DGGHG ZDV QRW VLJQLILFDQW QRU
ZDV WKH GLIIHUHQFH LQ Q\PSK DQG VROGLHU
KRPRJHQDWHV7DEOH
'LVFXVVLRQ
$ VLQJOH IOXRUHVFHQW FKURPRSKRUH ZDV REVHUYHG LQ
R. speratus E\ WKLQ OD\HU DQDO\VLV $ VSRW RI
PRGHUDWH LQWHQVLW\ DW WKH RULJLQ DQG VHYHUDO
ZHDNO\ IOXRUHVFHQW VSRWV RQ WKH WKLQ OD\HU SODWH
ZKLFK KDYH EHHQ UHSRUWHG LQ R. flavipes R.
tibialis DQG R. virginicus 6LGHUKXUVW HW DO
F ZHUH QRW REVHUYHG LQ R. speratus7 K H
IOXRUHVFHQW FKURPRSKRUH ZDV LGHQWLILHG DV
QRUKDUPDQH LQ R. speratus DQG KDV DOVR EHHQ
LGHQWLILHG LQ RWKHU Reticulitermes WHUPLWHV
6LGHUKXUVW HW DO F E\ *&06 DQDO\VLV 7KH
QRUKDUPDQH OHYHO LQ ZRUNHUV Q\PSKV DQG
HUJDWRLGV RI R. speratus FROOHFWHG LQ 0D\ 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